Introduction
Recent progress in improving the contact of single-walled carbon nanotubes (SWNTs) to superconducting nanoelectrodes showed that such molecules can accommodate a superconducting current 1 and behave as gate-controlled Josephson junctions 2 . Such nanotube junctions allow to implement a new type of weak link that can be coupled quantum dots reminiscent to the well studied superconducting single-electron transistor 3 but with the added presence of strong quantum confinement.
A new class of bottom-up superconducting nanobridge
I will present an overview of recent experiments conducted on superconducting quantum interference devices (SQUID) with Josephson junctions made of carbon nanostructures (Carbon Nanotube and Graphene). I will discuss the additional features provided by this new class of weak links for which the quantum confinement together with exceptional aspect ratio of the junction open new possibilities for magnetometry applications. More precisely, I will emphasize on how an electrostatic gate voltage applied to the weak link allows to tune the superconducting interference over a vast range of parameters and allow to varying the coupling and the back-action of such a magnetometer.
I will discuss the noise issues and show how the size of the junction should also to detect the magnetization reversal of a single molecule magnet. Requirement for increasing the bandwidth detection and the current amplitude while keeping ultra-sensitive detection threshold will be finally discussed.
. Nanotube SQUID
We report on the study of a superconducting quantum interference device (SQUID) with Josephson junctions made of portions of metallic single-walled carbon nanotube. Quantum confinement in each nanotube junction induces a discrete quantum dot (QD) energy level structure, which can be controlled with a lateral electrostatic gate. In addition, a backgate electrode can vary the transparency of the QD barriers, thus permitting to change the hybridization of the QD states with the superconducting contacts. The gates are also used to directly tune the quantum phase interference of the Cooper pairs circulating in the SQUID ring. Optimal modulation of a 6nA supercurrent with magnetic flux is achieved when both QD junctions are in the "on" state.
Futhermore, the SQUID design establishes that these CNT Josephson junctions can be used as gate-controlled-junctions. This allow to verify that the sign of the current-phase relation across a proximity coupled Qdot can be reversed with a gate voltage. Noise studies shows that the noise figure of the nanotube SQUID together with the size of the junction could allow the magnetization detection of a single molecule magnet. In designing CNT-SQUID, our motivation is to use it as a detector 4 for magnetization switching measurement of the magnetic moment of a single molecule. The aspect ratio of carbon nanotubes makes them ideal to couple them to single nanometer-sized objects. However a rough estimate of the magnetic signal of a Mn12 molecule, sitting on the CNT, yields a flux variation of 10-4 flux quantum, which should be high enough to be measurable The magnetisation reversal triggers a transition of the SQUID from the superconducting to the normal state because of the fast magnetisation change and/or the associated dissipation. A dV/dt pulse can then easily be detected on the current lead biasing the SQUID because of the hysteretic behaviour of the SQUID. Another important feature of the CNT-SQUIDs concerns the ability to tune the coupling between detector and sample. Indeed, the supercurrent through the junction can be switch on and off, using the lateral gate. In the off-state, the magnetic molecule is decoupled from the measuring device and it can evolve without decoherence coming from the device. In order to measure the magnetization state of the molecule, the SQUID is then switched on. This should have important consequence since it allows us to limit the back-action of the CNT-SQUID on the quantum state a single molecule magnet. Further improvement of the flux sensitivity could be achieved with the new readout scheme, which probes the SQUID's non-linear inductance rather than its resistance[15].
Conclusions
the CNT-SQUIDs and the graphene SQUID implement a new class of superconducting weak links which provide gate control of the coupling between superconductors is a valuable tool to investigate nanomagnetism at the single spin level.
